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(57) ABSTRACT

Provided 1s a method of manufacturing an 1mage sensor. A
microlens of 1norganic material can be formed on a substrate
by forming a seed microlens having a top surface with height
differences, and then blanket etching the seed microlens to
form a dome shaped microlens having a curvature following
the height differences of the seed microlens. The height dif-
ferences 1n the top surface of the seed microlens can be
created by implanting nitrogen at different depths into an
inorganic layer to form 1on implantation regions, and remov-
ing the 1on 1implantation regions from the inorganic layer.

13 Claims, 4 Drawing Sheets
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METHOD OF MANUFACTURING IMAGE
SENSOR

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

The present application claims the benefit under 35 U.S.C.
§119 of Korean Patent Application No. 10-2007-0057094,
filed Jun. 12, 2007, which 1s hereby incorporated by reference
in its entirety.

BACKGROUND

Animage sensor 1s a sesmiconductor device that converts an
optical image 1nto an electrical signal. The image sensor can
be classified as a charge coupled device (CCD) image sensor
or a complementary metal oxide semiconductor (CMOS)
image sensor (CIS).

A unit pixel of a CIS 1ncludes a photodiode and a metal
oxide semiconductor (MOS) transistor. Therefore, the CIS
sequentially detects an electrical signal of the unit pixel 1n a
switching manner to generate an 1image.

Although efforts are being made to increase the fill factor
of the image sensor for improving optical sensitivity, there 1s
a limitation 1n increasing the fill factor because of the logic
circuitry region 1n a pixel area.

To improve the optical sensitivity, a method of forming a
microlens has been developed, which concentrates incident
light out of a light-sensing region onto the light-sensing
region.

The microlens 1s typically formed on a pixel array substrate
according to pixels. Often, the microlens 1s formed on a color

filter.

The microlens 1s formed 1n a dome shape by sequentially
performing exposure, development, and retlow processes on
a photosensitive organic material.

However, since the photosensitive organic material has a
weak physical property, the microlens 1s susceptible to crack-
ing from physical impact during subsequent package and
bump processes. Also, the photosensitive organic material
has relatively strong viscosity and may generate a defective
microlens due to the adsorption of particles.

BRIEF SUMMARY

Embodiments of the present invention provide an image
sensor and a method of manufacturing an 1mage sensor that
can employ a microlens of an 1norganic material. According
to an embodiment, the inorganic material can inhibit particle
accumulation and cracking.

In one embodiment, a method of manufacturing an 1image
sensor comprises: forming a plurality of unit pixels on a
semiconductor substrate, each unit pixel comprising a photo-
diode and a metal oxide semiconductor transistor; forming an
interlayer dielectric and a metal interconnection on the semi-
conductor substrate; forming an 1norganic layer on the inter-
layer dielectric; selectively forming an ion implantation
region 1n a portion of the 1norganic layer corresponding to a
area between the unit pixels; removing the ion implantation
region to form a seed microlens comprising a lens gap hole in
the 1inorganic layer, the lens gap hole comprising a shallow
and wide trench-shaped upper portion and a deep and narrow
via-shaped middle portion, wherein a surface of the seed
microlens has a height difference due to the lens gap hole; and
performing a blanket etching process on the seed microlens to
form a microlens.
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The details of one or more embodiments are set forth in the
accompanying drawings and the description below. Other
teatures will be apparent from the description and drawings,
and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 8 are cross-sectional views 1llustrating a process
of manufacturing an 1image sensor according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION

FIGS. 1 to 8 are cross-sectional views 1llustrating a process
of manufacturing an 1mage sensor according to embodi-
ments.

Referring to FIG. 1, unit pixels 11 can be defined on a
semiconductor substrate 10. Each unit pixel can include a
photodiode (not shown) and complimentary metal oxide
semiconductor (CMOS) circuitry (not shown). The CMOS
circuitry can include a MOS transistor.

A device 1solation layer (not shown) can be used to define
an active region and a field region on the semiconductor
substrate 10 including each unit pixel 11. The photodiode of
the unit pixel 11 receives light to generate a photo-charge, and
the CMOS circuitry 1s connected to the photodiode to convert
the recerved photo-charge mto an electric signal.

After devices including the unit pixels 11 are formed, an
interlayer dielectric 20 and a metal interconnection 21 can be
formed on the semiconductor substrate 10.

The mterlayer dielectric 20 can be formed to have a plu-
rality of layers. In addition, the metal interconnection 21 can
be provided 1n plurality.

According to embodiments of the present invention, the
metal interconnections 21 are laid out so as to not interfere
with incident light to the photodiode.

Although not shown, a passivation layer can be formed on
the interlayer dielectric 20 including the metal interconnec-
tions 21.

The passivation layer can be formed of a dielectric to
protect a device from humidity or a scratch. For example, the
passivation layer can be formed of a silicon oxide, a silicon
nitride, a silicon oxynitride, or one or more of such layers that
are stacked.

Color filters 30 can be formed on the passivation layer or on
the interlayer dielectric 20 when the passivation layer 1s omit-
ted.

For embodiments omitting the passivation layer, the entire
height of the image sensor can be reduced to realize a thinner
image sensor and reduce the number of processes and costs.

The color filters 30 can include three different colored
color filters to obtain a color image. For example, the color
filters 30 can include a red color filter, a green color filter, and
a blue color filter for filtering light of different wavelengths.

A dyed photoresist can be used as a material for forming
the color filters 30. The color filters 30 can be provided
corresponding to each of the unit pixels 11 to filter incident
light. Adjacent color filters 30 may slightly overlap each other
to have a height difference. Even in embodiments where the
color filters 30 do not overlap, a height difference may exist.

Although not shown, a planarization layer can be formed
on the color filters 30 to compensate for the height difference
of the color filters 30.

Maicrolenses that will be formed through a subsequent pro-
cess should be formed on a planarized surface. To this end, the
height difference due to the color filters 30 should be
removed. Thus, the planarization layer may be formed on the
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color filters 30. Of course, any suitable method of color filter
formation can be used to provide a planar surface.

An morganic layer 40 can be formed on the color filters 30.

The 1norganic layer 40 can be formed of an i1norganic
material such as an oxide, a mitride, or an oxynitride. In one
embodiment, the inorganic layer 40 can be formed of an
oxide. In a specific embodiment, the oxide can be formed at a
low temperature, such as from about 50° C. to 250° C., using
a chemical vapor deposition (CVD), physical vapor deposi-
tion (PVD), or plasma-enhanced CVD (PECVD) process. In
many embodiments, the morganic layer 40 can be formed
having a thickness in the range of about 2,000 A to about
20,000 A.

Referring to FIG. 2, first photoresist patterns 100 separated
by first gaps 110 are formed on the inorganic layer 40.

The first photoresist patterns 100 can be obtained by coat-
ing a photoresist on the inorganic layer 40, and then perform-
ing exposure and development processes with respect to the
photoresist. In certain embodiments, the first photoresist pat-
terns 100 can have a thickness in the range of about 1,000 A
to about 2,000 A.

The first gaps 110 of the first photoresist patterns 100 create
a spacing to separate the microlenses, which will be formed
through the subsequent process, such that each of the micro-
lenses corresponds to each of the unmit pixels 11. The first gaps
110 expose portions of the inorganic layer 40 corresponding
to a portion of the area between the unit pixels 11.

Referring to FIG. 3, second photoresist patterns 200 sepa-
rated by second gaps 210 can be formed on the first photore-
s1st patterns 100.

The second photoresist patterns 200 can be obtained by
coating a photoresist on the substrate including the first pho-
toresist patterns 100, and then performing exposure and
development processes with respect to the photoresist. In
certain embodiments, the second photoresist patterns 200 can
have a thickness in the range of about 5,000 A to about 10,000
A.

The second gaps 210 of the second photoresist patterns 200
can have a greater diameter than the first gaps 110 of the first
photoresist patterns 100. In addition, the second gaps 210 are
provided to expose the inorganic layer 40 exposed through the
first holes 110 and the edges of the first photoresist patterns
100.

Referring to FIG. 4, the 1on implantation regions 50 can be
selectively formed 1n the mnorganic layer 40 by performing an
ion implantation process over the entire substrate on the 1nor-
ganic layer 40 with the first and the second photoresist pat-
terns 100 and 200. In one embodiment, the ions implanted
into the morganic layer 40 can be nitrogen 10ns.

That 1s, nitrogen 10ons can be implanted through the 10n
implantation process using the first and the second photore-
s1st patterns 100 and 200 as a mask, so that portions of the
iorganic layer 40 are doped with nitrogen 10ns.

In the 10on 1mplantation regions 50, the nitrogen 1ons are
deeply implanted in the region of the inorganic layer 40
completely exposed by the first and the second gaps 110 and
210, and the nitrogen 1ons are shallowly implanted in the
region of the inorganic layer 40 under portions of the first
photoresist patterns 100 exposed by the second photoresist
patterns 200. The nitrogen 10ns are not implanted 1n portions
of the inorganic layer 40 under the overlapping portions of the
first and the second photoresist patterns 100 and 200.

Thus, the 10n implantation regions 30 have height differ-
ences due to the thickness of the first and the second photo-
resist patterns 100 and 200.

Referring to FIG. 5, the first and the second photoresist
patterns 100 and 200 can be removed. Accordingly, 1on
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implantation regions 50 remain in the morganic layer 40. In
one embodiment, the 1on implantation regions 50 can be
formed of a silicon oxynitride. This can be accomplished, for
example, by the implantation of nitrogen 1ons into an oxide
inorganic layer 40.

The 1on 1mplantation regions 50 can be formed in the
portions of the 1norganic layer 40 corresponding to the por-
tions between the unit pixels 11. The 1on implantation regions
50 can include a shallow wide portion and a deep middle
portion at an upper region of the morganic layer 40. The 10on
implantation regions 50 can be used to create height differ-
ences.

Referring to FIG. 6, the 1on implantation regions 30 can be
removed to form seed microlenses 41 having lens gap holes
55,

In an embodiment, the 10on implantation regions 50 can be
removed using a wet etching process. For embodiments
where the 1on 1implantation regions 30 are formed of a silicon
oxynitride and the 1norganic layer 40 1s formed of an oxide,
the 1on 1mplantation regions 50 can be effectively removed
using the wet etching process.

Once the 1on implantation regions 30 formed in the inor-
ganic layer 40 are removed, the seed microlenses 41 having
the lens gap holes 55 can be provided in portions of the
iorganic layer 40 corresponding to the area between the unit
pixels 11.

The lens gap holes 55 each can have a shallow, wide upper
portion and a deep middle portion based on the shape of the
ion implantation regions 50.

Thus, the seed microlenses 41 can be formed 1n a pattern
shape corresponding to unit pixels 11 by using the lens gap
holes 355.

Referring to FIG. 7, an etching process can be performed
on the seed microlenses 41 including the lens gap holes 535. In
one embodiment, the etching process on the seed microlenses
41 can be a dry blanket etching process.

Plasma can concentrate at edges of the seed microlenses 41
during the dry etching process according to the characteristics
of the dry etching process using the plasma.

Since the plasma 1s concentrated around the lens gap holes
55 of the seed microlenses 41, the seed microlenses 41 can
formed 1n a convex dome shape following the shape of the
lens gap holes 55.

Referring to FIG. 8, dome-shaped microlenses 45 can be
provided by the performing of the blanket etching process on
the seed microlenses 41 as described with respect to FIG. 7.

The microlenses 45 can correspond to the unit pixels 11.
Thus, incident light can be efficiently collected 1n the unit
pixels 11.

By forming the microlenses 45 of an inorganic material, a
crack due to physical damage can be inhibited from occur-
ring.

A method of manufacturing the image sensor according to
embodiments of the present invention can inhibit damage
from particle accumulation and cracking by forming the
microlenses of an 1norganic material, thus improving the
quality of the image sensor.

Also, the microlenses of the inorganic material can formed
in a dome shape to improve the light collection efficiency of
the photodiode.

Any reference 1n this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that a
particular feature, structure, or characteristic described in
connection with the embodiment 1s 1ncluded 1n at least one
embodiment of the invention. The appearances of such
phrases 1n various places in the specification are not neces-
sarily all referring to the same embodiment. Further, when a
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particular feature, structure, or characteristic 1s described in
connection with any embodiment, 1t 1s submitted that 1t 1s
within the purview of one skilled 1n the art to effect such
feature, structure, or characteristic 1n connection with other
ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of 1illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled 1n the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible 1n the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to vanations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What 1s claimed 1s:

1. A method of manufacturing an 1mage sensor, compris-
ng:

providing a substrate defined with unit pixels;

forming a seed microlens on the substrate, wherein a top

surface of the seed microlens comprises a height differ-
ence between a first region of the seed microlens corre-
sponding to one of the unit pixels and a second region of
the seed microlens corresponding to an area between
adjacent unit pixels; and

forming a microlens by performing a blanket etching pro-

cess on the seed microlens,

wherein forming the seed microlens comprises:

forming an inorganic layer on the substrate;

selectively forming an 1on implantation region in a portion

of the morganic layer corresponding to the area between

adjacent unit pixels, wherein the forming of the 1on

implantation region comprises:

forming a first photoresist pattern separated by a first gap
exposing a first portion of the mnorganic layer corre-
sponding to a portion of the area between adjacent
unit pixels,

forming a second photoresist pattern on the first photo-
resist pattern, the second photoresist pattern being
separated by a second gap exposing at least the first
gap of the first photoresist pattern, and

implanting 1ons into the mnorganic layer using both the
first and the second photoresist patterns as a mask;
and
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removing the 1on implantation region to form a lens gap
hole 1n the 1norganic layer,
wherein the lens gap hole creates the height difference of
the top surface of the seed microlens.
2. The method according to claim 1, wherein providing a
substrate defined with unit pixels comprises:
forming a plurality of unmit pixels on a semiconductor sub-
strate, wherein each unit pixel comprises a photodiode
and metal oxide semiconductor transistor.
3. The method according to claim 2, further comprising,
betfore forming the seed microlens:
forming an interlayer dielectric and a metal interconnec-
tion on the semiconductor substrate, wherein the metal
interconnection 1s electrically connected to the plurality
of unit pixels.

4. The method according to claim 1, wherein the lens gap
hole comprises:

a shallow and wide trench-shaped upper portion; and

a deep and narrow via-shaped middle portion.

5. The method according to claim 1, wherein the mnorganic
layer comprises a low temperature oxide.

6. The method according to claim 1, wherein the 1on
implantation region comprises silicon oxynitride.

7. The method according to claim 1, wherein the inorganic
layer comprises a low temperature oxide.

8. The method according to claim 1, wherein the first
photoresist pattern has a thickness between about 1,000 A and
about 2,000 A.

9. The method according to claim 1, wherein the second
photoresist pattern has a thickness between about 5,000 A and
about 10,000 A.

10. The method according to claim 1, wherein the second
gap ol the second photoresist pattern has a greater diameter
than the first gap of the first photoresist pattern.

11. The method according to claim 1, wherein the implant-
ing of the ions comprises implanting nitrogen 1ons.

12. The method according to claim 1, wherein the remov-
ing of the 1on implantation region comprises performing a wet
ctching process.

13. The method according to claim 1, wherein the blanket
etching process forms the microlens 1n a dome shape having
a curvature following the height difference of the top surface
of the seed microlens.
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